SUMMARY In The Netherlands, as in many other countries, important geographical variation in mortality from conditions amenable to medical intervention exists. Associations with a number of simple medical care supply characteristics (general practitioner density, hospital bed density, and percentage of regional hospital beds located in university and small hospitals) are generally weak and inconsistent, both before and after controlling for possible confounding factors.
Monitoring the effectiveness of medical care services at population level is not the easiest task of health care policy makers. This activity requires the availability of outcome The former approach, being more feasible, has already produced some empirical findings. In England and Wales it was found that regional variation in morbidity, estimated from hospital admissions, notifications ofinfectious diseases, and cancer registry data, could only partly explain regional variation in mortality from conditions amenable to medical intervention.6 In another study, negative associations were found between mortality from such "avoidable" causes and some indicators of the level of resource provision (ie, a higher level ofprovision was associated with a lower level of mortality, as expected). It was noted that a correction for socio-economic differences would probably reduce the associations, since medical 325 326 Johan P Mackenbach, Anton E Kunst, Caspar W N Looman, J Dik F Habbema, and Paul J van der Mass care supply and socio-economic conditions are strongly correlated in England and Wales.7 In Belgium, positive associations were found between mortality from the selected conditions and the level of medical care supply, after controlling for socioeconomic conditions.8 From France, weak negative associations have been reported, after controlling for socio-economic factors. 9 In a comprehensive analysis of the relationship between medical care supply and mortality from these conditions in all countries of the European Community, we found associations to be generally weak and inconsistent.'0 Mortality from conditions which have become amenable to medical intervention has generally decreased in the past decades. 1 1 12 This suggests that decline in mortality partly reflects the introduction and diffusion of innovations in medical care. Associations between mortality levels and medical care supply characteristics at regional level could then be time dependent in the following way: (1) before a given cause of death becomes amenable to medical intervention, regional mortality levels are not associated with medical care supply characteristics; (2) during introduction and diffusion of the innovation(s) an association may emerge between regional mortality levels and one or more medical care supply characteristics if the latter determine the degree of application of the intervention at that particular moment in time; (3) after general diffusion, the association disappears again, due to the "law of diminishing returns" (a similar difference in degree of application produces a smaller difference in the level of mortality), and due to the fact that the prevailing degree of regional variation in medical care supply is not likely to bring about large enough differences in effort.
The analysis reported in this paper is an attempt to introduce this time dimension into the study of regional differences in mortality from "amenable" causes in The Netherlands. A presentation of the association with medical care supply characteristics in the early 1980s will be followed by an analysis of its evolution over time since the early 1950s.
Methods

DATA
For four time periods (1950-54, 1960-64, 1970-74, 1980-84) II (peptic ulcer, "surgical" conditions, prostatic hyperplasia, perinatal mortality, rheumatic heart disease), important improvements and further significant innovations took place during the study period. Effective medical interventions for congenital heart disease, cerebrovascular and hypertensive disease, cancer of cervix uteri and cancer at younger ages only became available late in the study period.
Age limits were applied, because avoidability of death and quality of cause of death certification become increasingly questionable with age. In most cases we chose an age limit of 75 years, because up to 75 years mortality from the selected conditions declined rapidly during the study period, whereas in the higher age groups the declines were generally much less obvious.
The number of variables available for "explanation" of regional mortality patterns ( Intercorrelations between medical care and other independent variables were generally modest. In 1950-54 the only product-moment correlation > 0 50 or < -0{50 was between the percentage of beds in small hospitals (SMALL) and degree of urbanisation (URB) (-0 57). In 1980-84 the only larger correlation was between hospital bed density (BED) and average income (INC) (0 50).
ANALYSES
For each cause of death (except perinatal mortality) and for each ofthe four periods, regional Standardised Mortality Ratios (SMRs) were calculated using national age and sex specific mortality rates of the same period as the standard. Regional perinatal mortality rates (still births and first week deaths, per (see table 1 ), but appears to be due to a lack of variation. As was to be expected, the coefficient of variation in general was larger with smaller numbers ofdeaths (compare tables 1 and 3). On the other hand, the categories, "other infectious diseases", "surgical" conditions, and cancer of cervix uteri, which were nearly equal in size in 1980-84, had differing degrees of regional variation, with "surgical" conditions clearly at the top. (see table 2for Significance levels (two-sided test): r p < 0-10; * p < 0-05. a Unweighted correlations (n = 28) in the expected direction, but others were not, eg, between mortality from tuberculosis and hospital bed density (positive), and between cerebrovascular disease mortality and percentage of beds in small hospitals (negative). Significance levels (two-sided test): r p < 0-10; * p < 0-05. a Multiple regression model containing four medical care variables and three socio-demographic variables. Dependent variable is 1n SMR, weighted with the observed number of deaths. When no value is mentioned in the table, the variable has not been entered into the regression model because the tolerance level was exceeded.
In order to investigate whether the associations between mortality from the selected causes and medical care supply characteristics are time dependent, the results of regression analyses for each of the four time periods were compared. In group III, the contribution ofmedical care supply characteristics to the explanation of regional mortality patterns was relatively small in 1950-54 and 1960-64 for all disease categories except Cerebrovascular disease. An important association emerges in 1970-74 for Congenital heart disease. For Cerebrovascular disease the contribution of medical care variables increased towards the end of the study period.
In group II, changes in the association with medical care variables can be seen for several diseases. For total mortality the additional percentage of variance explained by medical care variables after controlling for sociodemographic factors was uniformly small. Table 6 presents estimates of the regression coefficients for those combinations of time periods and causes of death that were characterised by relatively high additional percentages of variance explained (2 20%) by medical care variables. General practitioner density had many statistically significant associations with mortality, but many of these were not in the expected direction. The negative associations between the percentage of regional hospital beds located in University hospitals are in line with our expectations.
Discussion
Although in comparison with other European countries The Netherlands have rather low levels of mortality from conditions amenable to medical intervention,4 there is nevertheless important geographical variation in mortality from these conditions within the country. Our analysis of the relationship between mortality from such conditions and a number of simple medical care supply characteristics revealed only a small number of possibly meaningful relationships. Real differences in mortality due to differences in supply could have gone undetected if there has been 331 serious misclassification of causes ofdeath. Systematic regional differences in certification of causes of death have not been found in the very few studies that have looked into this.2' 22 Even non-differential misclassification, however, may bias associations between cause specific mortality and other regional characteristics towards the null. 23 On the other hand, given the fact that cause specific mortality patterns have been shown to reflect the geographical distribution of a number of risk factors24 it is unclear why they would be unable to reflect differences in outcome of medical care. For most of the conditions analysed in this paper, the effects of medical intervention on mortality do not have very long lag times. Migration is thus unlikely to be responsible for the lack of associations between medical care supply and mortality. Rheumatic heart disease may be an exception, so far as prevention by treatment of streptococcal infections is concerned. Finally, if mortality patterns for the selected causes of death are dominated by spontaneous differences in incidence, effects ofmedical care on mortality may be difficult to detect. The question then is whether the sociodemographic variables treated as confounders have adequately controlled for such incidence differences. The fact that a regression model including geographic variables produced largely the same results (see methods section) does not, however, suggest that inadequate control for incidence differences explains the lack of meaningful associations.
The most likely explanation is that, within the prevailing range of variation, regional differences in medical care supply in The Netherlands do not have serious effects on at least one outcome indicator, mortality. We suspect that, at the levels observed in most industrialised countries, an increase in supply of hospital beds and physicians mainly leads to an increase in "discretionary" procedures, and not to an increase in procedures for life threatening conditions, which are treated anyway.25 Whether this is a comforting or a disturbing thought is difficult to say.
